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Abstract: The effect of dispersion will interfere with the signal transmission. Several ways can
be done in compensating the dispersion such as by utilizing dispersion compensator fiber
(DCF) or chirp fiber Bragg grating (CFBG). The dispersion compensation schemes with DCF
are expensive and it also causes nonlinear optical effects, meanwhile, the CFBG can reduce
costs and promise better results. In this study, an Apodization Chirped Fiber Bragg Grating
(ACFBG) has been developed as a dispersion compensator with Optisystem with non-return to
zero (NRZ) 20 Gbps. It is found that the Gaussian Cubic-CFBG apodization with a size of 90
mm had the highest Q-factor evaluation of 20,776 dB for a 250 km dispersion compensation
scheme. This result is much larger than the previous CFBG dispersion compensation scheme.
This study also confirmed that the Gaussian Apodization was the best profile compared to
Tanh Apodization, from the evaluation of the Q-factor, Tanh cubic-CFBG only obtained a Q-
factor of 9.6 dB. Certainly, the high performance of ACFBG as a dispersion compensator is very
useful to support optical communication systems.
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Introduction such as dispersion compensated fiber, optical phase,

fiber Bragg gratings (FBG) (Mohammed et al., 2014),
and high order mode fiber (such as photonic crystal
fiber) are proposed to compensate for chromatic
dispersion along the transmission line. FBG as a
dispersion compensation component has several
advantages such as low insertion loss, small size, low

In optical communication systems, the important
thing is how to maintain the transmitted signal as the
transmission distance increases. Power losses and
dispersion events are unavoidable and are major
factors limiting maximum data rates. In optical
cost, wide bandwidth

communication networks, optical amplifiers are used
for long periods, and it is necessary to use repeaters
and wavelength division multiplexing (WDM) to
increase the bit rate (Karpagarajesh et al., 2021; Sayed et
al., 2020; Sayed et al., 2021), Apart from widening and
reducing power, chromatic dispersion can also cause
pulse widening when traveling through optical fiber,
this is considered a major drawback in WDM
communication systems (Kahlon & Kaur, 2014; Aladadi
et al., 2016; Azhar et al.,, 2022; Khusnul et al., 2022;
Syahfira et al., 2021). In this context, several approaches
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compensation with high
resolution, dispersion compensated in passive and
compatible fiber (Irawan et al., 2010; Irawan et al., 2012;
Naim et al., 2020; Irawan et al., 2015).

Overcoming dispersion is an important focus in
optical communication for long-distance transmission,
some authors recommend ways to overcome this, such
as using EDFA (Erbium-doped fiber amplifier) to
compensate for signal loss (Choi et al.,, 2003), using
Dispersion compensation fiber (DCF) with relying on
negative dispersion that can compensate for signal
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dispersion (Meena and Meena, 2020), and using fiber
Bragg grating (FBG) which can compensate for
dispersion well, besides that FBG can also reduce the
impact of optical nonlinearity, low cost and can work in
WDM  schemes. DCF technology has three
compensation schemes used, namely, pre, under, and
mixed compensation (Hussein et al., 2019; Meena &
Gupta, 2019; Ranathive et al., 2019). DCF is stable and
not easily affected by temperature, but has internal
losses and high costs. Nevertheless, FBGs are chosen to
compensate for dispersion, Dispersion compensation
with this type of FBGs can be used for pulse
compression in two schemes. Reflective and
transmission base system. The basic reflective system is
described to exhibit complete compression, but the
system requires a coupler to extract the reflected and
re-pressurized pulses. Therefore, they result in a loss in
incremental insertion (Mustafa et al., 2019).

Several articles have found links to utilizing an
FBG as a dispersion compensation element in WDM
communication systems that have been widely
reported (Irawan et al., 2012). The grating length of
CFBG of about 10 mm can compensate for the tens of
kilometers dispersion of a single single-mode mode
fiber (SMF). The design and fabrication of non-linear
CFBG equivalent to channel linear dispersion for
precise tunable compensation of dispersion is
constantly evolving, and even reaching absolute
strengths of 0.7 dB to 10 Gb/s over a 50 km SMF by
providing a tunable grid to the fiber link (Irawan et al.,
2020). The Bit Error Rate (BER) was also introduced to
zero for long-distance fiber optic systems with a
transmission distance of 3,000 km using CFBG with an
asymmetric compensation scheme. The system is
proposed with a bit rate of 10 Gb/s and a non-return to
zero modulation form. FBG has provided optimal
performance among all dispersion compensation
techniques, such as DCF, reverse dispersion fiber, OPC,
and negative dispersion fiber, for different bit rates. In
another work, Muhammad wused raised cosine
apodization in DFB-F (Distributed feedback fiber with
an FBG size of 30 mm and obtained FWHM (Full Width
half maximum) of 0.044 nm (Dar & Jha, 2017; Tahhan et
al., 2018).

Some work has been reported in compensating
dispersion such as doing WDM, using pre/post and
symmetrical DCF for a fiber length of 300 km, and
using a bit rate of 10 Gbps, the performance is carried
out by taking into account the Q factor, BER (bit error
rate) and eye diagram (Kaur et al., 2015), WDM systems
can increase the nonlinear effect of fiber and are also
expensive. Bhadway and Soni demonstrated an optical
communication model to compensate for dispersion for
the difference in fiber length with a bit rate of 20 Gbps
(Bhardwaj & Soni, 2015). Deepika then compared the
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dispersion compensation scheme with FBG with a
grating length of 90 mm for 210 km fiber. It was found
that the Q-factor could be increased by 50% compared
to the results obtained by Sayed et al (Sayed et al,
2017). Polymer materials can also be an alternative in
reducing the cost of dispersion compensators, polymers
have a higher refractive index than silica and also have
the best performance (Min et al., 2018).

In general, CFBG is the best way to compress FBG
pulses, in this paper a CFBG dispersion compensation
scheme by associating multiple apodizations (ACFBG)
and low cost is offered for optical fiber with length up
to 250 km, performance based on Q-factor and BER
ACFBG being comparison in previous papers using the
Optisystem simulator.

Method

Simulations were carried out using optigrating
software and optisystem software, ACFBG was
designed using an effective refractive index of 1.47
(Saktioto et al., 2021), (Ramadhan & Saktioto, 2021). The
resulting design in the Optigrating software is exported
and entered into a series in the Optisystem software as
shown in the figure 1:

@, - ’i‘;’l* =kl A
SMF EDFA
= EDFA
[,

WDMA
Analyzer

BER

Generator  Diagram

Figure 1. The optical circuit on Opti system

Figure 1 presents a compensation scheme using
ACFBG in WDM optical communication. The
transmission signal uses power of 17 dBm the same
parameter is also used in the previous research scheme
reported, and uses a pseudo-random bit sequence
(PRBS) at a speed of 10 Gb/s, then the signal will be
entered with a binary code (0 1) and connected to a
Mach-Zehnder modulator with an attenuation ratio of
30 dB, in this case, the Mach-Zehnder modulator is
used to divide the phase of the wave, the first is
connected to dual WDM ports, the other arm is
connected to a 250 km optical fiber. The parameters
used in the simulation scheme can be shown in the
Table 1.
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Table 1. The parameters of the SMF

Parameters Value
Dispersion on fiber (ps/nm/km) 17.25
Dispersion slope (ps/nm?2/km) 0.085
Power laser CW (dBm) 17
Attenuation on fiber (dB/km) 0.2
Optical fiber length (km) 250
Gain (dB) of EDFA amplifier with 4 dB 40 and 10
NF

In Table 1 above, the SMF is set with a variance
parameter of 17.25 ps / nm / km. When the signal
passes through a 250 km optical fiber, the signal passes
through the EDFA with different intensities of 40 dB
and 10 dB at the same noise rate of 4 dB. This
reinforcement is intended to overcome signal loss
during the 250km transmission process (Irawan et al.,
2019). The signal then passed through the CFBG,
compensating for the dispersion generated within the
signal, and connecting an EDFA with a gain of 10 dB
between the output of the CFBG and the input of a PIN
photodetector capable of converting the optical signal.
For electrical signals. The output signal was then
filtered with a Bessel filter and optical reproduction, the
simulation results were displayed in the form of an eye
pattern using an eye pattern analyzer, and the BER or Q
factor of the proposed model was calculated. You can
check the signal quality pattern of the entire
transmission with the BER analyzer.

Table 2. Optimized paramters of the ACFBG

Parameters Value
Refractive index 1.47
Frequency (THz) 193.1
Grating length (mm) 90
Apodization parameters 0.5
Chirp parameters 0.0001
Delta lambda (nm) 1

Table 2 shows the parameters set in ACFBG, with
an effective refractive index of 1.47 and a grating length
of 90 mm, this grating length was chosen the same as
reported by previous studies for maximum results,
further the effect of apodization and FBG chirp on the
Q-Factor will be analyzed.

Result and Discussion

First in this work to design an ACFBG with a
grating length of 90 mm, several ACFBG parameters
are defined in the Optigrating software as shown in
table 1. After designing the ACFBG, the design data is
exported and entered into the optical circuit that has
been compiled in the Optisystem in the picture above.
The optical circuit was carried out using a 17 dBm laser
this value was the same as the work carried out by the
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last reported study (Meena & Meena, 2020). Therefore,
BER and Q-factors have the relationship shown in
Equation (1)

Q
BER:ie 2

NP

Chromatic dispersion and non-linear effects can
reduce the signal and cause a little error in the network
system, the higher the Q-factor value, the lower the
probability of errors. Bit Error Rate (BER) is the value of
events in digital transmission systems, where this
measure is a measure of the quality of the signal in a
digital communication system. BER is a crucial
parameter applied to monitor systems that transmit
digital data from one point to another. BER is the ratio
between the error or bit damage (error) with the whole
sent bit with Equation 14.

N
BER = N—E @)

T
And here are some types of profile apodization and its
functions (Saktioto et al., 2021):
Gaussian function

A(x)=exp| —In2

and The types of CFBG can be seen in the equation (4)-

7).
Linear:
L

l—— 4)
A(Z)on_ L2 A .......................... (
Quadratic:

I 7V 1
A(z)=A, - (Ej “TA 5)

Square root:

; 1/2 1
A =A_—|| — -—— A 6
(2)=A, (Lj NG ©
Cubic root:
5 312 1
A(Z)ZAO— (E) _ﬁ A (7)

The results of the eye diagram and BER can be seen as
shown in the Figure 3 :

994



Jurnal Penelitian Pendidikan IPA (JPPIPA)

El BER Analyzer

aom sm 60m

m

Amplitude (a.u.)

2m

Time l:llsnll“"}
(a)

BER Analyzer
et win

om aom
Amplitude (a.0.)

2m

N AR

05
Time (bit period)

BER Analyzer
Dl Click O Objects fo open properties. Move Dbjects wih Uzuse Drag
Time [bit period)
[ [ 1
S

=] BER Analyzer
Dbl Clck On jects b open properiies. Move Dbjects wih Mouse Drag
Time (bit period)
s

[ 1 e

m o
Ampitude ()

Figure 3. (a) Gaussian Linear-CFBG, (b) Gaussian Quadratic-
CFBG, (c) Gaussian Square-CFBG, (d) Gaussian Cubic-CFBG

Figure 3 shows the evaluation of the Q-factor value
of each ACFBG for dispersion compensation, the
apodization is chosen in this scheme is Gaussian
apodization, variations of CFBG are associated in this
scheme to evaluate the quality factor (Q-factor) of the
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transmission signal with a fiber range of 250 km. The
optical circuit for dispersion compensation can be seen
in Figure 2. SMF length of 250 km obtained a Q-factor
evaluation for cubic-CFBG of 20.7671, this result has a
better value than previous studies for the same scheme
[8][17]. Deepika meena, obtained a Q factor for SMF
length of 210 km of 18.46 dB. The proposed scheme has
a better Q factor and it can transmit the signals further
up to 250 km. The scheme was strongly related to the
variation of CFBG, it has been obtained that Gaussian
linear-CFBG has a Q-factor of 19.832 dB for the same
SMF length. The Gaussian quadratic-CFBG and
Gaussian square-FBG yielded Q-factor of 18.3708 dB
and 19.1315 respectively. These results indicate that
Gaussian cubic-CFBG has the best Q-factor in the 250
km dispersion compensation scheme. Then Gaussian
Quadratic-CFBG got the lowest results among other
CFBGs. However, this result is the best result compared
to previous studies (Basil & Moutaz, 2021). The eye
diagram analysis can be seen in the table 3.

Table 3. Eye diagram analysis for Gaussian-CFBG

CFBG Max. Q Min. BER  Eye- Height
factor (dB)

Cubic-CFBG 20.7 2.64 x 10-% 0.043

Linear-CFBG 19.8 5.7 x 10-88 0.043

Quaderatic- 184 7.99 x 1076 0.0428

CFBG

Square-CFBG 19,1513 3.18 x 1082 0.0427

Table 3 shows the analysis for Gaussian
apodization of each variation of CFBG. The Q factor
which is the transmission signal quality factor can be
seen in the table above, and it is proven that CFBG can
compensate for the dispersion that occurs in long
distance optical fiber transmission. CFBG can reduce
costs when compared to DCF compensation schemes.
DCEF is expensive and also has disadvantages due to the
nonlinear effect that occurs in optical fiber.
Furthermore, Tanh apodization was evaluated in this
scheme for each type of CFBG. Tanh profile equation

®).
X 1-x
A(x)=tanh (AT] tanh (Tj ................... 8)

Where 0< X< L.

Tanh apodization shows less results than the
Gaussian apodization profile, the results of the Q factor
evaluation can be seen as shown in the Figure 4.
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Figure 4. (a) Tanh linear-CFBG, (b) Tanh quadratic-CFBG, (c)
Tanh square-CFBG, (d) Tanh cubic-CFBG

Figure 4 shows the BER analyzer of Tanh-CFBG.
The results obtained are not as well as Gaussian
apodization. However, the Tanh Cubic-CFBG type
showed good results compared to other types of
Chirping. It is found that the signal quality factor of the
Tanh cubic-CFBG is 9.62 dB. And it's 50% better than
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Tanh square-CFBG with a Q-factor of 6.6 dB.
Furthermore, the linear-CFBG Tanh obtained a Q-factor
of 6.168 dB, the lastly the quadratic-CFBG Tanh
obtained the worst Q-factor value compared to other
types of CFBG. The dispersion compensation scheme in
Tanh apodization is also treated the same as Gaussian
apodization in Figure 3. A significant difference was
obtained from the evaluation of signal quality factors
between Gaussian and Tanh apodization. For ta cubic-
CFBG obtained a Q-factor of 20.7 dB, this result is much
larger than the Tanh cubic-CFBG of 9.62 dB. The
difference that occurs is more than 100% from the side
of the Q factor. Other variations of CFBG also obtained
the same thing. Certainly, a Gaussian cubic-CFBG
scheme is recommended in compensating the
dispersion for a 250 km long SMF. and this result is the
best result in this work and also much better than
previous studies (Meena and Meena, 2020), (Sayed et
al, 2017). The eye diagram analysis for Tanh
apodization with chirp variations can be seen in the
Table 4:

Table 4. Eye diagram analysis for Tanh CFBG

CFBG Max D Min BER Eye Height
factor (dB)
Square-CFBG 6.6 1.5x1011 0.0255
Linear-CFBG 6.168 2.97 x 1010 0.0244
Quadratic- 2.57 0.0046 -0.01
CFBG
Cubic-CFBG 9.62 2.8 x10-22 0.033

Table 4 shows the eye diagram analysis for each
CFBG, it was found that the Tanh apodization received
a less favorable Q factor evaluation than the Gaussian
apodization. The dispersion compensation scheme is
proposed and compared with the compensation
scheme carried out in the previous study. The
following shows the results of differences in BER and Q
factor values from previous studies. Which can be seen
in table 5.

Table 5. Comparison of the results of Q factor and BER
with related studies

SMEF- CFBG- Q factor BER Reference

length(  length (dB)

km) (mm)/ DCF
length (km)

210 90 mm 18.46 1.59x10- (D. Meena
(Linear) 57 & Meena,

2020)

200 80 mm 7.94 1.96 x 10-  (Sayed et
(Linear) 1 al., 2020)

210 90 mm 14.91 3.41x10- (Sayed et

51 al., 2017)

250 90 mm 20.7 2.6x10-  Our

(cubic) 96 scheme
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In table 5 above we summarize the results of the
comparison from previous research, the compensation
dispersion scheme for SMF along 250 km, we obtained
a better Q factor evaluation result of 20.7726 dB,
compared to the work done by Depiika and sayed.
With the same CW laser power, Depiika obtains a Q
factor with a CFBG of 90 mm with a linear type of 18.46
bigger 2 dB compared to the scheme and the results we
got and the SMF installed only 210 km long. 40 km
longer than the one we installed on the optical circuit.
To be clearer than previous studies, see the table above
with a comparison of the length of CFBG or DCF and
the resulting evaluation values of Q factor and BER.

Conclusion

Long-distance  transmission has  dispersion
constraints due to distortion of the signal sent over the
fiber. ACFBG has been designed to overcome
dispersion, in this paper Gaussian cubic-CFBG has been
designed and its performance evaluated using Q-factor.
It is was obtained that Gaussian cubic-CFBG for
transmission as far as 250 km has a Q-factor value of
20.7726 dB and BER of 2.6 x 10- 96, the effect of soil
apodization is also evaluated in this paper and
obtained Q-factor for Tanh cubic-CFBG of 9.62 dB and
BER of 2.8 x 10-22. This ACFBG scheme is greater than
the results obtained by previous researchers and has a
length of 90 mm. Increasing the Q-factor will enhance
the performance of ACFBG in terms of good dispersion
compensator and cost less. However, a higher Q-factor
will reduce the BER which occurs during signal
transmission through an optical fiber.
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